UNCLASSIFIED

AD NUMBER

AD882269

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; FEB 1971. Other requests shall
be referred to US Air Force Materials
Laboratory, Attn: [AFML/LL] Metals and
Ceramics Division, Wright-Patterson AFB,
OH 45433.

AUTHORITY

USAFML 1ltr, 29 Mar 1972

THIS PAGE IS UNCLASSIFIED




AFML-TR-70-272

EVALUATION
OF A RELIABILITY ANALYSIS APPROACH
TO FATIGUE LIFE VARIABILITY
OF AIRCRAFT STRUCTURES
USING
C-130 IN-SERVICE OPERATIONAL DATA

AD882269

4

CLAUDE S. SARPHIE, IR,
ROBERT S. WATSON

q
1

AR 1™

LOCKHEED-GEORGIA COMPANY

LG FILE COPY

TECHNICAL REPORT AFML-TR-70-272

vt ———

FEBRUARY 1971

This document is subject to special export controls and each transmittal to foreign

governments or foreign nationals may be made only with prior approvat of the
Metals and Ceramics Division (AFML/LL), Air- Force Materials

ratory,
Wright-Patterson Air Force Base, Ohio 45433. -
3
AIR FORCE MATERIALS LABORATORY
AIR FORCE SYSTEMS COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO
Best Available Copy

24|




NCTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the government
may have formulated, furnished, or in any way supplied the said drawings,
specifications, or other data, is not to be regarded by implication or other-
wise as in any manner licensing the holder or any other person or corpo-
ration, or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.

Copies of this report should not be returned unless return is required
by security considerations, contractual obligations, or notice on a specific
document.




AFML-TR-70-272

EVALUATION
OF A RELIABILITY ANALYSIS APPROACH
TO FATIGUE LIFE VARIABILITY
OF AIRCRAFT STRUCTURES
USING
C-130 IN-SERVICE OPERATIONAL DATA

CLAUDE S. SARPHIE, JR.
ROBERT S. WATSON

This document is subject to special export controls and cach transmittal to foreign
governments or foreign nationals may be made only with prior approval of the
Metals and Ceramics Division (AFML/LL), Air Force Materials Laboratory,
Wright-Patterson Air Force Base, Ohio 45433.

]
-



FOREWORD

This report was prepared by Lockheed-Georgia Company, a Division of Lockheed
Aircraft Corporation. The wark was conducted under Contract No. F33615-70-C-
1252, which was initiated and jointly supported by the Air Force Flight Dynamics
Laboratory under Project No. 1467, "Structural Analysis Methods", Task \No. 14670k,
"Structural Fatigue Analysis", and the Air Force Materials Laboratory under
Project No. 7351, "Metallic Materials", Task No. 735106, "Behavior of Metals",
with Mr. R. C. Donat, AFML/LLD, acting as project engineer.

The study on which this report is based was conducted by the Structural
Materials Development Department of the Advanced Structures Division under the
technical supervision of Mr. W. A. Pitman. Mr. C. S. Sarphie was the Program
Manager for Lockheed.

This is a final report and represents the technical work conducted from
February to October 1970. The manuscript of this report was released by the
authors December 1970. The contractor's designation of this report is ER 10700.

This study was conducted by Mr. Claude S. Sarphie and Mr. Robert S. Watson of
the Fatigue and Fracture Mechanics Unit. Acknowledgement is due Mr. B. Tilt
for his contributions to the development of tne analytical methods, to

Mrs. Ginger R. Lupy for developing the camputer program, to Mr. John M,
Firebaugh and Mr. Earl A. Blount for the development of the usage groups, and
to Mr. Wayne L. Davidson for the computation of the fatigue endurance. The
typing of this report was done by Mrs. Carolvn L. Chadwick.

This technical report has been reviewed and is approved.

\M~\. ‘WTT\,
W. J. TRAPP

Chief, Strength and Dynamics Branch
Metals and Ceramics Division

Air Force Materials Laboratory

il



ABSTRACT

An analytical program to evaluate a probabilistic snslysis
approach to the prediction of aircraft structural fatigue
endurance using data obtained from the C-130 Structural
Integrity Prograx has been completed. This report is the
final report of this program.

The proposed method is applied to three fatigue sensitive

areas of the C-130 center wing using test results fram C-130 B
and E wing full scale fatigue tests, The results of this
analysis are then correlated with service experience data from
the Air Force's fleet of C-130 B and E transport aircraft.

In addition, this data is also used to conslder the applicability
of tha basic distributions and parameters selected far the
proposed method.

The first and second phases of the program involve the preparation
of this data and the correlation of the results of the analysis
vith the data used a8 a single population. The third and

fourth phases of the program involve the selection of four

C-130 service usage groups, the adjustmernt of the fatigue test
resulte to the usage group loads and the correlations of the
results of each anslysis with the data fram each usage group.

T™he fifth phase involves a review of the results of the
correlations made in this study.

This study indicates that either the log-normal or Weibuil
distributions with the proposed shape parameters fit C-130 in-
service crack initiation as well as present knowliedge could
predict. Predictions made with the proposed method are
significently more conaervative than their ncminal reliabiilty

values would indicate.
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It is recommended that a modification of the present method
be considered which uses crack occurrence results from the
fleet along with the fatigue test results for estimating

the fatigue endurance.
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NOMENCLATURE

F -‘\/ZX2 - '\/2::1 - 1, expression for the normal deviate
with unit variance. This value ia used when n1 > 30 ae
input into 2 table for "Normal Curve for Error" to
determine I,

P Probability that theoretical distribution can give a larger
value of 12. This value is taken from a table for 3(2 when
rg1 { 30 and from a tabls for "Normal Curve for Error" when

(A"
‘1‘1 i® test result in equivalent flight hours,
n Test sample size.
n, Number of test failures,
r}‘ Degrees of Freedom

< Shape parameter for Weibull distribution.
2] Scale paraseter for Weibull and log-normal distributions.

o Variance for log-normal distribution.
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Chi~squared value for entire fleet,
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early crack initiation.
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NOMENCLATURE (Continued)

The following terms are defined tecause their meaning a8 used in this report
way not be generally understood.

Data Block - A unique combination of operaiional parameter bands. The data

blocks are selected to envelope the full range of aircraft operational usage.

Fatigue Crack - A crack in a structural member which is detectable by normal
inspection procedures and is caused by a series of loads which produce average

stresces less than the material ultimate stress of the member.

Fatigue Damage ~ A proportion of the fatigue sndurance of a structural
component which has been expended.

Fatigue Endurance - The computed time to fatigue crack iwitiation in a structure
bazed on a defined o, rational usage, expressed in terms of flight hours,

landings, special operations and/or fuselage pressurizatioms.

Operational Usage - The in-service usage of an aircraft or fleet of aircraft

in terms of the mission profiles and utilization.

Operational Parameters - Parameters which significantly affect the fatigue

damage incurred during operation of an aircraft.

Quality Level - That value of stress concentration factor which would define
the S~-N curve that satisfies the condition of the Palumgren-Miner Theory of
Cumulative Damages in terms of the fatigue crack initiation and the applied
test spectra. i .

S«N Curves - Date which define the number of cycles (X) of a given stress
intensity (S) required to produce initiation of a crack in the structure.

Theso data are cbtained by testing notched specimens of & given materirl.




NOMENCLATURE (Contimed)

They are normally presented as ocurves of stress versus cycles to crack

initiation at a constant quality level for a given material.

Teat Specimen Endursnce - The number of simulated service hours or flights

which a specimen sustained in a fatigue test at the time a crack was detecied.




SECTION I

INTRODUCTION

This is the final report of a program the objeot of which is to
evaluate the probabilistic method proposed in AFMI~Th-69=65
(Reference 1) for predicting the fatigue endurance of an airoraft
structure. The data used in this evaluation are thes results from
two full scale fatigue tests on C-~130 B and C~130 E wings and the
servioe experisnce data from 439 aircraft in the Air Force's
C-130 B and C-130 E flaoet.

The approach used in the method under consideration has resulted

from a proposal by Dr. A, M, Freudenthal of George Washington
University that the expected time to the initiation of the first
orack is & more relevent concept for the prediction of the fatigue
endurance of major airoraft structure than the conventional cancept
of the expected endurance coupled with a scaiter factor. The Boeing
Company has been primarily responsible for the development of the
ocnstants required to complete the implementatior of this concept
into a practical engineering method. This work was sponsored jointly
by the Air Force Flight Dynamics Laboratory and the Air Force Materials
Laboratory.

The results of this scudy are to serve as a basis for determining
the adequscy of the referenced method for pradicting the time to
crack initiation of a struotural component of an aircraft within a
fleet using the results from full ascale fatigue tests of the

structure.
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SECTION II

PROGRAM DESCRIPTION

The program is divided into five working phases. A brief description of

each of these phases followa.

Phase I - Data Collection - The object of this phase is to gather and

prepare the available C~130B and C-130E fatigue test results and

service experience data for use in the correlation of Phases II, III,

and IV,

The fatigue test results used are the equivalent flight time to initiation
of fatigue cracks at three critical areas on the center wing. These re-
sults are obtained froam the full scale fatigue tests of the C-130B and
C-130E wings. The service experience data is the time to the ipitial

cracks at the three critical areas or the center wing of each C-130B

~

~

and C-1\30E aircraft. This service data has been obtained from %he C-130
Fatigue iife Monitoring Program currently in progress at the Lockheed-

Georgie Company.

The three critical areas referred to above are defined as follows:
Critical Area 1 refers to skiu panel cracks at W,5. 38, the terrination
of the reinforcing structure surrcunding the cutout located on the upper
surface oY the C-130 center wing at the center line of the aircraft,
Critical Area 2 refers %o skin panel cracks that occur at W.,S, 105,

the inboard termination of the reinforcing structure surrounding the
cricular cutout located on the upper surface at W.S, 120.5. Critical
Area 3 refers to skin cracks that occur at fastener holes in the carners

of a rectangular cutout located on the lower surface at W,5, 120.5.
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Phase II - Initial Correlation - The object of this phase is to

correlate the results of the method proposed in Keference 1 with
the service experience data from the fleet of C-130B's and C-1-0E's

used as & single populatiocn.

In this phase the proposed method (using both the Weibull and log-
normal distributions) is applied to the fatigue test data collected in
Phase I for each critical area. From this application of the theoreti-
cal method a distribution of the probabllities of times io crack
initiation for each eritical area is developed; these Gistributions

are herein called the "theoretical distributions"., 1Ia addition the
empirical distributions of the actual probabilities of times to tae
initiation of the first cracks af{ exch critical aea on the C-130B and C-130E
aircraft in service are developea. These distributions, which are
developed from the C-130 service experience data collected and
processed in Phage I, are herein called the "appareut empirical
distrivutions™. Then each theoretical éistribution is correlated
vith the carresponding apparent empirical distribution using the Chi-

Square test to give a quantitative measure of the gnodness of fit.

For another test of the accuricy of the proposed method, several
Weibull and log-normal distributions ure develsped which best fit the
apparent expirical distribution of the C-130 service experience data
for each area. These best fit distributions are then correlated with
the eorresponding apparent empirical distribution again using the Chi-

Square test to give a quantitative measure of the fit,




As a8 third test, the proposed method's prediction of the safe life for
each of the structural components is calculated and then compared with
the corresponding lowest times to crack initiation from the C-130 service
experience data for each critical area. These safe life predictions are
calculated by applying the proposed method of Reference 1 to the fatigue

test results processed in Phase I.

Phase III - Correlation by Usage Groups - The object of this phase is to

correlate the results of the proposed prediction method calculated for
each of several C-130 service usage groups (using the C-130 fatigue
test results) J4ith the service experience dats from the aircraft in

that usage group.

This pnase has been included in the program because the wide range of
missions for which the C-130 has been uscd make it virtually impossible
for any chosen test load spectrum to represent any single aircraft or
group of aircraft. However, one basic condition of the proposed method
is that the test load spectrum used in the safe life prediction is
representative of the operational loading. It is reasonable to expect,
therefora, that the results of the Phase II correlation, in which the
data is used as a single population, will not be ideal. Consequently,
in this and in the next program phase, the information available
describing the wide variation of C-130 usage is used to evaluate the

metbod further through additional correlations.

The C-130B and C-130E aircraft farming the population samples in this
study are separated into usage groups corresponding to their base
sssignments. This dictiaction is used because C-130 aircraft

assigned to certain bases generslly fly specific types of missions.
L




New apparent empirical distributions are developed for each
critical area from the service experience data for the aircraft
in each of the service usage groups chosen above. The new
theoreticel distributions calculated for each critical area and
usage group are correlated with each of these apparent empirical

distributions by using the Chi-Square test.

Again, Weibull and log-normal distributions are generated

which best fit the service experience data from the C-130 aircraft

in each of the service usage groups. Then each of these "best fit"
distributions is correlated with the corresponding apparent empirical
distribution as generated above. A quantitative measure of this

correlation is determined using the Chi-Square test.

Phase IV - Correlation With Usage Group Adjustment - The object of

this phase is to correiate the results of a proposed analysis,
made using the C-130 fatigue test results which have been normslized
to each usage group's load profiles, with the service experience

data from the aircraft in the corresponding C-130 usage group.

The load profiles corresponding tc each or the service usage groups
determined in Phaese III are deveioped. The equivalent fatigue test
resulis are calculsted by normalizing the C-130b and C-:3CE wings!
full soale fatigue test resuits far each critical area to each

usage group's load prcfiles.

A



The proposed method (using both the Weibull and the log-normal
distributions) is applied to the equivalent fatigue test resultis, as
calculated above for each usage group, to develop the several new
theoretical distributions required. Each of these new theoretical
distributions is then correlated with the appropriate apparent
empirical distribution generated in Phase III for the same usage

group. The Chi-Square test is applied to this correlation.

A safe life prediction is calculated for eathcritical area by the
proposed prediction method (using both the Weibull and log-normal
distributions) from the equivalent fatigue test results for each
usage group. Bach of these safe life predictions is then compared -

with the time to crack initiation data for the aircrafi in the

corresponding usage group.

Phase V - Review and Recommendations - The object of this phase is

to evaluate the prediction method using the results of the previous
correlations for the purpose of determining the validity of the
method in its present form. A second objective is to develop
recomuendations for modifi;ations to the method as necessary to
improve it or for any modified approaches which may be more

appropriate.




SECTION IIT

C-130 PATIGUE TESTS AND SERVICE DATA

Since test results and service data from the C-130B and E aircraft
are used in this program as a basis for the evaluation of the
method proposed in Reference 1, a description of the C-130 is

presented in this section.

The C-130 airplane is a turboprop transport deeigned and built by
the Lockheed-Georgia Company for the U, S. Air Force. A total of

more than 1,100 C-130's have been built and the aircraft is currently

in production.

There are several basic models of the C-130. These are the C-130A,
C-130B, C-130E and C-130H models. Several variations of each of
these basic models have been b\}ilt and are used in a variety of

different missions.

The C-130A, the first production model of the C-130, was designed
for the Tactical Air Coemand of the U. S. Air Force. Prototypes
first flew in 1954 and the first production models became operational
with the Tactical Air Command in 1956. More than '200 of ‘the C-1320A’s

are in use by the U, S. Air Force.

The C-130B model is similar in external appearance to the C-130A,
but includes several major modifications which increase its
capabilities. It can carry more fuel and has higher powered engines,



viise¥l  .820L ni bevwwooo HOEIL-D 8 Yo #dntll moitouborq Fatlt T
L2 U odfd diiw eoiviee ai e1s 3tstovis [shom 80CI-D edd to 00S
e'd0f -0 [enoidibbA .b1swd Jesod .2 .U bns ,yvsU .2 .U #0707 1iA

.eolttawoo mpierot Istevee dtiw eoivise i o1s

LHO0EL-D bns AOLIL-0 edd Yo goletsv besonsvbs ris et Isbom FOLL-O odT

dolrw enoissoitibom medeye bns [stwwdowite [stsvse esdsroqrosal 31
notdsuaitnuo lamron e'F0TLI-D odT .ennst bhas basolysq atl esaseron:

-01q tet1il odT .ednad [syt aalw-tebry bstmwom vllamistxas esbuloni

nads e1oM L [3Q[ mi emit Fer1it ot 10 well Isbom IOLL-D noitoub

add o910 kA .2 .U edd dfiw nmoi¥sisqo nl s1s slepom A [-D Od#

9t yllai3nseas 8f [sbom ZOTI~-0 odT .esf1¥mwos myistol smoe ba~ (va¥ .2 .U

L00E-0 ads Yo [ebom 9no 25 eysau [sforsmmos 1ol beitityes 3Isdd 28 amsez

Ji 3ud (Llebom JOLL~D ot s smae sdi yIlsolead er [sbom HOZ[-D oAT

.a9nizns [-trswoa 910m =8d

OLL=2 a4 Yo moitewnilooo [swwdowrade on. 1o moirqitoes. Yeind A

sewollo? xod aniw 19inmeo

(2i808q 1ot To qir shem ai xod [niw I8dnes s o sostive Taqqu odT
o83 .brodo ni esdon: 05 bns naqe i esncai O8¥ ei doidw Yo dose
xie ddiw enoiewtdxs OT-8TIT bsmidosm mc 1t bestsoivdal er [enaq

s1s eloansq eesdT .efevissnt d.nt &.0 s besosge exseit [stgstal
eT9xaitde seiwneje ssuld Yo nordsllstens edd yd benstlite terdirt
elsviasai fdoni 3.0 #8 beosqe enoitose Jad bsbiridxs IT-8TIT morl sbam

.Bovifqe serwneqe st +a Fqeoxe einsmuiostis batevia diiw bellstent bas




The spanwise splices are configured as butt joints with an extended
leg of a hat section stiffener forming a splice plate and fastened

with steel lockbolts,

The lower surface 13 composed of three panels, each of which 18
440 inches in span and 26.7 inches in chord. Each panel is
fabricated from machined 7075-T6 plate with extruded 7075-T€ hat
section stiffeners located at 5.7C inch spacing. The spanwise
splices and attachments for the lower surface are similar to those

for the upper surface.

The front and rear beams are composed of 7075-T% extruded caps
with 7075-T6 webs. In the srea of the nacelle the webs are 301

full hard, 17-7FH or AM}SO.atainlcsa steel,

There are discontinuities in the form of cutoute located at W.S, 0.0,
120.5, and 196 left and right of the center line on the upper surface.
On the lower surface, cutoutis are located at W.S, 220.5 left and right

of the center line.

The center wing is identical on both the C-13%0B and C-130E aircraft
except for the configuration of the reinforcing st>ucture surrounding

a cutout on the lower surface at w.S. 120.5.

Fatigue tests have been conducted on C-130B and C-130E full scale
production gspecimens which are structurally identical o the wings of
the service aircraft. These *ests simuiated fleet environmental and

operational conditions existing at the time of test. The fatigue test




on the C~130B article simulated a Material Airlift Command (HAC) type usage
Tha fatigue tesc on the C-130E arlicle simulated a Tactical Air Com-

mand {TAC) type vsage.

A structurally complete C-1%0B wing and center fuselage were subjected
to cyclic loadings calculated to simulate the fatigue effects of
typical flight, internal air pressurization, and taxi loads, Fach

pass of the test load spectrum reprssents 1,500 hours.

Three major damage items involving the initiation of cracks in the
structure of interest in this program occurred during the course of
the C-130B wing fatigue test. A brief description of points of

interest concerning the tes{ feollows:

The {irst of *'iese damage items occurred near the end of the second
pass of the test load spectrum, Numerous fatigue cracks were
discovered in the center wing upper surface in the vicinity of W.S.
38 and ¥.S, 105 left and right. It was necessary to replace the
complete center wing upper surlface except for the W.S. 220 fitting

and several rib raps before continuing fatigue testing.

Reanalysis showed the test loads to be too severe and, before

testing was resumed, the taxi and ground-air-ground loads were revised.

The test was then continued with the new center wing upper surface and

the reviged test loads spectrun.

Pass 4 and 5 of the revised test loads spectrum was a double pass

using double the nuaber of cveles for a regalar pass of the spectrum.
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The second damage item of interest was a repetition of the first
and occurred near the end »f the double pass 4 and 5. The test

was terminated at this point.

The third damage item of interest occurred in the vicinity of the
corners of the rectangular cutout locatecd on the lower surface at
W.8. 120.5., These cracks were discovered during the teardown inspec-
tion following the yesidual strength test conducted on the specimen
after the fatigue test had been terminated. It was determined at

the time that these cracks were fatigue oriented.

The results of a correlation analysis of the cracks discussed in the

above paragrephs are presented in section V of this report.

The C-130E test article consiste of a production C-120E wing and

suppor ting fuselage barrel section. The fuseisge reacts all of the
applied wing loads by the gear support atructure during the landing
operation phaces and by simulated fuselage inertia loads for flight

condition phases.

The cyclic loading fatigue teat cf the C-1%0E wing simulates the
anticipated operational loads to be experienced by the wing of a
C-130E airplane assigned to the Tactical Air Command. These missions,
which are dased on utilization data, are short range logistics, wedium
range logistics, long raage logistics, proficiency training, and
combat training., Each pass of the test load spectrum represents

1,000 hours.

11




The upper surface ranels ware removed after six passes of the C-1%CE

TAC test loads spectra had beesn applied and replaced with a redesigned
configuration. Prior tc this time ~racks had been initiated at one

of the three critinsl areas of interest in this program. This was located
at W.S. 38 upper surface. These were small cracks in the skin panels

at the laat fasteners common tv the skin and the center line dry bay

aceass door doubler,

From ihe above discussion it is seen that tane C-130B fatigue test
furnished two data points for both the W.s. 28 and W.S. 105 upper
surface areas and onc data point for the W,S, 120.51lower surface area.
Likewise, the C-1%0E fatigue test furnished one data pcint Jor the

W.S. 38 upper surface area,

Iockheed ig conducting a fatigue tracking prdgram on the C-130 fleet
under contract with Warner LRobins Air Materiel Command as a part

of the C-1i3%0 Aircraft Structural Integrity Program., This program
was initiated in early 1968 and is planued to continue *hrough

vhass-cut of tha aircraft,

Througk an extensive reporting syegtem the USAF suppliés operational
data —e:aiiag to usage nf the aircraft and structural dats relating
to crack © - tiation and propagation for individual aircraft to
Locitheed. Theae data when interpretad in terms of available fatigue
test data supply the input necessary to monitor individual C-13%0's

in terms of atructural reliability.

[
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SECTION IV

ANALYTICAL DEVELOPMENT DESCRIPTION

:This gection describes the development of equations for a computer

program to facilitate tests for aseessing the velidity of the method
proposed in Reference 1. This computer program correlates service
experience information from the C-130 Fetigue Life Monitoring Program in a
form for considering the following questions. Is the diQtriSufion
predicted oﬁ the tasis of the proposed method applied to C-130 full

scale fatigue tests a rcasonable representation of the atatistics

of crsck ocourrence? Does the C-~130 crack initiation data fit a Weibull
or logenormal distribution? If the C-130 crack initiation dets fits one
of these disiributicns, are the A.P.M,L. selected shape factors good

choices?

To eid in answering these questions, the computer program generates
the following diatributions, the apparent empirical distribution,
the theoretical distribution predicted on the basis of full scale

fatigue tests, and Weibull and log-normal distributions that provide

/
/

the best fit to the data. A x2 statistical test has been devised for

each of these distributions,

The apparent distribution is an empirical distribution determined
from the date in a manner similar to the determination of mortality
tables. The equations for the spparent distribution were initially

derived in Reference 2 These equations account for the protable

[o
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effect of uncracked aircraft in a reasonable manner without assuming
any sort of general form for the cracking distribution. This distri-
bution accounts for the probable effect ¢ the uncracked members of

the fleet by the use of conditional probabilities, This is accomplish-
ed by the assumption that an uncracked aircraft that was last observed
to be uncracked when 1t had accumulated "T" #light hours is equally
likely to be any member of the fleet with a crack initiation time

greater than T.

The test distributions are the theoretical distributions predicted
by applying'the techniques of the proposed method of the results of
the C-130 full scale fatigue tests. These techniques assume values
for the shape factors of the Weibull and log-normal distributions.

The modal values of these distributions are determined from full

scale tesis by

n
[ (s 7 -
for the Weibull distribution and
- :
lll%; *5 éél In Ti

for the log normal, where Ti is the itD test failure in equivalient

Vo

f1light bours,

The best fit distributions are simply least squared fits to the

AN
aprparent distribution. There are eight best fit distributions, four

Weibull best fits and four log-normal best fits. For each of these
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two types of best fit distributions, there are two distributions with
the shape factors assumed in the proposed method, and two with both
scale and shape factors determined by the least squares fit technique.
In each of these categories there are two distributions. Cne pro-
vides a best fit to the entire population of aircraft and the other

only to the first half of this population.

An important factor in developing the Uechniques for determining the
best fit distributions was consideration of computer éheckout and
running time, and the programming time required. The most mathemati-
cally rigorous technique would have been the maximum likelihood estimator
(MLE) technique discussed in Reference 3. Solﬁtion of the MLE equations
requires iterative technigues similar to Newton's method. Although
these equations appear reasocmably straightforward, experience indicates
that the required iterative techniques frequently require significant
amounts of programming and computer checkout time before a correct
solution can be cbtained in a reasonable amount of computer run

time. 'The best fit techniques used have been constructed out of
existing vell proven computer programs, These techniques are

not without precedence because of their resemblance to the common
practice of plotting empirical data on probability graph paper angd

"eyeballing™ a straight line fit.

All the best fit distributions are constructed for two sets of data.
One set consists of data from the complete fleet or usage group. The
other set comsists of data fram half the fleet or usage group including

only the earlier failures. This second set vas considered because

i5




predictions of fleet reliability usually depend only on the first
portion of the distribution that predicts early failures. Thus it
is not necessary that a We:ibull or log-normal disiributicn fit the

later failures for the proposed method to be valid,

In planning the reduction of the data from the C-130 fleet, the ques-
tion arose as to what should be considered a crack at a specified wing
station. Should it be from a specified rivet and directed in a speci-
fied direction? 1In considering this question, the distribution for the
time of the first of several cratks was examined, It was found that if
each of the several cracks were initiated according to Weibull distribu-
tions with a single shape factor then the time of the first of these
cracks also fit a Weibull distribution with the same shape factor.

(In considering this question, it was discovered that the minimum value
of each sample of a set of random variables fit a Weibull distribution
if each random variable is Weibull with the same shape facter.) Thus,
1f the assumption of & constant shape factor made in developing the pro-
posed method is correct, it can be applied to the first crack developing
at a wing station without considering at which rivet the crack is located

the direction of the crauek.

16

or




SECTION V

USL.GE GROGUP DEVELOPMENT

During the course of the Fatigue Life Monitoring Progrem (FLMP),
funded by the Warner Robins Air Materiel Area (HRAMA), the past
history of the operational usage of the C-130 fleet has been re-
contructed for each individual aircraft of the fleet. The develop-
ment of this historical data is reported in detail in Reference 4,
but it is summarized here to illustrate the basic background of in-
formation available prior to separating the fleet into usage groups.

Flight logs or records of specific missions flown by each individual
aircraft were generally not aveilable for use in the program. If
they had been available, the task of colliecting aad processing

this deta would bave been prohibitively costly. Therefore, the
process of reconstructing the past history was necessarily an in-
direct one, relying to a large axtent on the recollection and
estimates furnished by experienced personnel in the Air Force,

These estimates have been refined in certain specific arees where
substantiating data were available such as VGH data reports, Lockheed
analyses of mission profiles and damage rates at various bases,

and the recently implemented Usage Forms from whi-h detailed current
usage data are now becoming availeble. The overall procedures for

estimating the past history include:

Thé estabiishment of the chronological sequence ¢f an
individual aircraf:!s assigament to key Air Force Bases
from existing records of possession.

O mMhe establishment by specific time psriods of the types of
missions flewm and the percent utilizations therecf at each
key Alr Force Base, These estimates were obtained through
the various Base Commanders recognizing differences bty Using

Comnand snd Wing as avpropriate,




0 The establishment of a set of nih;-basio mission profiles
to represent the basic variofy of most misslons flown by
the aircraft in the fleet by using thb\informa%ion collected
from these sources along with similar information from Lockheed
Field Service personn‘l.

0 The establishment of the percent of flight time of each air-
craft at specific points in time prdrated to each mission
accq&ding to the percentage mission utilizations established

for each air base.

The end result of these operations yielded the reconstructed past history
for each individual aircraft. This information formed the basis for in-
terpslating the usage data to obtain the percent of time flown in each
nission by each aircraft at the time of fatigue crack initiation at the

selected locationsa.

Various refinements, updatings and details of the above procedures are
more fully disctesed in Referencel; .

A d:splay o: the mieaion utilizations for each individual aircraft re-
7§aled a Jiie puttern of mission combinations flown with several sub-
:p'ftarns existira at the time of crack initiation., It had previously
“een decided, however, to subdivide the aircraft usage groups into four

satezories for seversli reasons:

o Four categories, representing a large part of the usage
‘ata, were fairly evident from a review of the mission
“ cilizatiox:l data. ‘

0 Tour categories are suffizient to segregate large differences
in inﬂivf‘ual aircraft usage and demonstrate the applicability
ci the reliasil- ity analysis.

o 3 larger number of categories would increase the amount of
vcmputational time and effort while decreasing the statimtical
reliahility ¢f a given category. '

18
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The four categories of usage data were obtained by visual inspection

of the usage data. For convenience they were given names that coincided
with the mission(s) which had the relatively largest amount of flight

tizme in & given mission or group of similar missions. The average mission
utilization in each of the four categories was also calculated. A summary
of the composition of the usage groups in terms of the nine basic mission
profiles is shown in Table I. \

Two other distinoct categories of usage were noted, byt were not used in
the subsequent anslyses. About a dozen aircraft have\ been used almost
onﬁiroly in storm/weather reconnaissance, but they hn#b experienced few
fatigue cracks. About fifteen aircraft have been used\beavily in the
lowinltitude high speed mission number 9. These latter aircraft have had’
fatigue cracks to initiate at the garlieat recorded aircraft flight time
(approximately 1500 hours), but a relatively precise time of crack :initi-
ation on these aircraft was difficult to substantiate. In addition,
aeve%al individual aircfaft were not included in any group on the basis
that?thoy could not logically be grouped into one or the other of the
above four usage groups. For example, airplanes which had spent a signif-
ican{ﬂfraction of their life in the long range mission, usage grouﬁ I,

and wvere then diverted to usage in a more severely damaging usage'group,

4 such és usage group 11, were not included in any usaée group because, in

the context of this study, they are not members of the same statistica.
popula?ion. The netﬁresult of these and other specific eliminations
reduceé the total number of aircraft included in the groups from the orag-
inal number of 439 C-130B/E aircraft to 366 aircraft. A summary of the
number of aircraft agsigned to a given category is presented in Teble 11,

—— T
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SECTION VI .
C-170 TEST RESULT ADJUSTMENT '\-—'\)
: \

In Phase IV of the program the Freudenthal-Boeing method is appliéd to
values of the C-130 full scale fatigue test results, which have been

adjusted to the load profiles deflnpd for each of the usage groups

selected in Phase III. The background pertinent to the calculation

of the fatigue endurance of the C-130 structure required in making

these adjustments of the test results is discussed in this section.

i
[
|

The usage groups are each fomposed of those aircraft in the fleet which

are reported to have flown a similar combination of| the missions con-

tained in the C-130 nine mission profiles. The C-130B and E mission

utilization by usage group is shown in Table I.

Nine mission profiles have been established in‘thf C-130 Fatigue Life

Monitoring Program to cover the operational usage of the Air Force's :
M ] ]

C-130 fleet. The utilization of tﬁes# missions by the C-130 aircraft ;
has Leen determined for each C-130 base as discussed previously in ,
[

Section V. Then the aircraft stationed at a certain base are considered -

to operate accordiﬁg to the mission utilization determined for that base.

J

The operational usage environment of each of these missions is composed of

flisht segments and ground segrients. - Each of these scgments is defined

LR R i

by four operational parameters which are considered to.be especially
significant in defining-the configuration of fheﬂairplane in that segment

and the loads environment. The operational parameters chosen to define

the flight segments are altitude, velocity, fuel weight, and cargo weight.

For the ground segments they are type of ground event (i.e. taxi, takeoff,
touch and go,*and.groundhéir~ground), fuel weight,

run out, landing impact,
cargo weight, and type of field surface.

The range of values of the operational parameters of altitude, velocity,

fuel weight, and cargo weight are divided up into bands. Within each of
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the bands, which cover a convenient renge of values of the parameter,
the effect of the paramster or the fatigue load ies treated as constant.

A data block is defined ss & unique combination of one ‘and value for
each of the four significant parameters from either the flight or ground
sregments. These data blocks which are used were selected because they
represent bands of the psrameters which are approximately symmetrical
about the expected normal operating speeds and altitudes and they afford
coverage over the range of cargo snd fuel weights. - The totality 6f data
blocke for either the flight or ground segments are composed of the
permutations of all the bands of the four significan: parameters for
that segment.

For a given data block, the loads applicable to it can be determined. The
fatigue damage attributed to each data block on a unit time basis can be
calculated using these loads. For this study, the fatigue damage in the
three structural components of interest are calculated for several qual:ty
levels for each of the individual dats blocks on & unit time basis.

These values of fatigue damage are calrulated using the Palmgren-Miner
Theory of Cumclative Faiigue Damage. This theory statee that the fatigue
demage occurring at a8 specific combination of mead. siress and varying
stress is given by the ratio of the number of cycles of this specific
lcad level applied to the airucture to the number of cycles regquired to
initiate a crack in the struoture. When the summaticn of these rstios
from 811 lvad levels appiied to the atructure is sgusl to unity then a
fatigue crack is dassumed to initistes in the structurs,

For each mission ¢f *he nine mission rrofiles the utili_aticn of 8
mariiculisr aircrsi’t in terma of the iime spent in esch Zair biock ia
definei. So the to:al fatigue Jsmage ihat an &ircraft is subject to
vhile flying & particuidr mission is obdtained by accumuiating the pro-

ducte of time snd damage for sll data blocks pertiinent to that mission.
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Values of the fetigue endurance per quality level per usage group are
calculated from these values of fatigue damage per mission and the number
of flights of each mission flown by an average aircraft ia the usage

group. These calculated values are used to plot curves of fatigue endur~

ance varsus quality level :or each usage group.

)
Than these curves along with the values of quality level corresponairg to
each etructural component considered ar: used to determine the required

adjusted values of the fatigue test results.




SECTION VII
RESULTS OF CORRELATIONS

The results presented in this section of the report consist of
{he results from Pnases I through IV of the study. The results of

a review ot these comjarisons are presented in Section VIII.

.

Tables I and II lists, respectively, the C-130B and E mission
utilizations in each of the usage groups selected and the number
of C-130 aircraft assigned to each specific usage group. Table
III lists the test endurance results from the full scale fatigue
tests on the $-150B and C-130E test articles along with the equiv-~
elent R-TAC analysis endurances and the equivalent usage group
unalyrais endurances.

Table IV lists the expected values of the fatigue endurance
scatter factors versus reliability, calculated according to the
method of Reference 1. Tables VvV through XIX list 4he corres-
ponding values of the fatigue endurance predicted for the com-
ponents of the C-120 structure considered. These values have been
calculated by applying the above-mentioned scatter factors to the
point estimates of the Weibull characteristic times to crack iui- a
tiation or to the log-normal median time from the C-130 fatigue
test results. The jast results used in these computations were
bagsed on eithsr the e vivalent E-TAC analysis loads or the equiva-
lent lcads defined for each of the usage groups as noied on the
table.

Pigures 1 through 15 show the curves of the distributions of the
probabilities of the times to crack initiation developed by con-
sidering the sorvice experience date from the whole fleet of C-130B
and E aivoraft as a single population. Figuree 16 through 87

show the curves of the distributions of the protabilities of the
times to orack initiation dsveloped using the service experisnce
data obtained from the C-130 aircraft separated intc usage groups.
Some of these figures show the ocurves of the Weidull and log-
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noreal distributions tuat "best fit" the apparent empirical

distribution curves of the C-130 service experience data for

each struétural componént, considering in turn all the aircraft
and then haif of the aircreft. The other figures show the curves
of the Weibull and log-normal theoretical "test™ distributions
calculated using the method propoeéd in Reference 1, witn values
of the C-130 test results based either om the C-130 E-TAC analysis
loads or the lomd cases defined fcr\each.uaage group.

A summary of the etudy results is shown in Table XX .

24




SECTION VIII

DISCUSSION OF COMPARISION PROCEDURES

This section summarizes the review of the comparisons mede ir this
study program.

Comparisons between the estimates of the times to the imitiation of
tne first and the second cracks in the structural details of the
C-130 considered in this study and the observed times obtained from
service experience are given in Tables XXI through XXX. These
comparisons are summarized in Table XXXI.

These results ma; indicate vhat level of accuracy can be expected of
the use of the method; however they do not isolate the source of the
discrepancies, Basically, there are three sources of discrepancies
considered in this study. They are:
1, The differences between the fatigue environment of the
inservice aircraft and that of the fatigue test specimens.
2. The expected errors.
3+ The differences between the proposed theoretical distributions
and the true distribution of the time to crack imitiation.

The first of these sources of the discrepancieé,Athe factors leading

t0 the differences between the fatigue environments of service and

test are not a fault of the proposed method. This is a problem
involving the structural fatigue tests and these resulting discrepaacies
should be removed from the comparisons before they are used in evaluat-

irg the adequacy of the proposed method.

The removal of those discrepancies originating from this source
involved determining those test results that belong to the same
population as the service experience results and those that do not.
The maximum and minimun test equivalent times are campared with the
empirical distributions. The results of these comparisong are
summarized in Tables XXXII and XXXIII. These results indicate that
all the adjusted test results and all of the unadjusted test results
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except that far wing station 120.5 on Group 4 aircraft mwost likely
do aot belong to the carresponding populations‘of service experience.
In addition, there are a few aircraft included in the whole fleet
comparisons shown in Table XXI that do mot fit into any of the usage
groups selected. The service data indicates that the usage of these
aircraft has been 8o severe that cracks are initiating in them much
sooner than in the rest of the fleet. For this feason, these air-
craft have beenYOmitted from all four usage groups and should be
consinered as part of another population, If the‘ﬁata pertaining to
the above mentioned aircraft are eliminated from tﬁe data contribut-~
‘ing to Table XXXI, the remaining results are given in Table XXXIV .

The second source of the discrepancies, the expected errors, result
from the following randam processes involved in the calculation of a
prediction of time to crack initiation.

The first randﬁm process to be considered is the selection of the
scale parameter on the basis of a small sample size, i.e., the limited
number of full scale fatigue test results. The values of the scale
parameters used in the study are shown in Table XXXV. Those values
used in the "Best Fit" distributions were calculated from the "Best
Fit" equations discussed in Section IV, and those values used in

the "Test” distributions vere determined using the method of
Reference L. The percent differences between these C-130 scale
parameter values and those determined from the apparent empirical
curves are given in Table XXXVI .

A second random pfoceés is the process of development of the first
crack in the fleet. The proposed method is designed to insure that
the probability of theee random processes resulting in an unconserva-
tive estimate is small. This causes a conservative estimate of the
expected time to crack initiation to be calculated; so that the
predicted endurance is less than the expected endurance.

The exact expected values of the scatter factors and the predicted
time to the initiation of the first crack in the C-130 wing, ~omputed
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versus reliability for three values of the Weibull shape parameter
discussed in Reference 1, are shown in Tables XXXVII and XOXVIII.
The derivation of the equations used in these calculations is based
on the Weibull distribution. This derivation is showp in the Appen-
dix. The values of the shape parameters used_are the upper bound value
proposed, the maximum likelihood estimator value, and the two-ordered
failure estimated value. The percent differences between the
conservative expected values of Tables V through XIX, calculated
according to the method of Reference 1, and the exact expected values
discussed above are given in Table XXXIX .

The third source of the discrepancies, the differences between the
true distribution of time to crack initiation anjézﬁé proposed

theoretical distributions, will be considered as/two points.

The first concerns the adzquacy of the values of the shape paremeters
proposed by Reference 1., The C-130 related, empirical shape parameters
as determined from the "Best Fit" distributions are given in Teble
XOX . The percent differences between the values of the shape
parameter proposed by Reference 1 and these C-130 empirical values

are shown in Table XTI . In addition, the exact expected values of
the time to initiation of the first crack in the C-130 wing versus
reliability for these same C-130 empirical values of the Weibull shape
parameter were calculated using the equations derived in the Appendix

based on the Weibull distribution. These values are presented in

Table YOOXII.

The second polint coacerns the relative adequacy of the log-normal and
Weibull distributions to predict the true distribution of times to
crack initiation in the structure cf an aircraft from a fleet. The
values of the times to the initiation of cracks in several C-130
center vwing structural locations taken for selected percentiles from
the curves of Figures 1  through 87 are shown in Table XXXXIII,
The percent differences betveen these times to crack initiation and
those observed empirical values taken from the apparent empirical
distributions are given in Table XXXXIV . In addition, the percent
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lifferences in times to crack initiation between the "Best Fit"
distributions computed using the proposed values of the shape
parameter and those computed using a value of the shape parameter
determined by the Best Fit equations are given in Table XXXXV .

The number of these values Of percent differences which are

greater than 10 percent is shown in Table XXOXXVI . The number

vhich have a value greater than 20 percent is shown in Table XXXXVII.
These tables include values corresponding to both the log-normal and .
Weibull distributions for purposes of comparison.
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SECTION IX
DISCUSSION 0¥ RESULTS

This section discusses the results of the reviev of the comparisons
made in this study for the purpose of evalusting the probvabilistic
approach to structural fatigue endurance pradiction discussed in
Reference 1 . The details of this review are deacribed in Section
VIII .

Three possible sources of discrepancies between the predicted and
observed values of fatigue endurance are discussed in Section VIIT .
They are the differences between fatigue enviromment of inservice
aireraft and test specimens, the expected errors, and the differences
between the theoretical and the true distributions. The results

of the reviev relating to these sources will be discussed in this
section.

The range of the percent differences between the C-130 fatigue
endurance predictions calculated using the method of Reference 1
and the cbserved times to crack inlitiation are quite troad for

the cases considered in this study. These differences for the
veakest fleet member vary from -89 to 180 percent for the Weibuli
distribution based predictions and from -81 to 308 percent for log-
normal distribution based predictions. The differences for the 2nd
wveakest fleet member vary fram -82 to lik percent for the Weibull
distribution based predictions and from -77 to 122 percent for the
log-normal distribution based predictions.

The fatigue enviroonmept differences between the C-130's test and
service affect these differences betveen predicted and observed
values. Therefore, wvhen the data from the test results not belong-
ing to the same population as the service experience and also the
data frof thase aircraft that have had more severe service usage
than the rest of the fleet have been eliminated, tben the range

of percent differences is narrowed down sowewhst. This censored

range varles for the veakest fleet member from ~'9 to -35 percent
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for the Weibull Distribution based predictions and from -66 to
-5 percent for the log-normal distribution based predictions;
and for the 2nd weakest fleet member from -67 to 20 percent for
the Weibull distribution gased predictions and-from -59 to -7
percent for the &os-nérmaftdistr:buniqg baced predictions. The. |
Weibull distribution based predictions éreugen;raL-y more '

conservative than are the log-rorma. based predictions.

The expected errors irclude ?hc inaccuracies inharent in choosing
ihe value of the scale paraméterﬁ ‘ron a very iimited number of
test points. The difrerences betweeﬂ the scale parameter values
calculated from the C-130 fatigue test results with the'ﬁ;ximum
likelihood estimating procedure and the values obtained from the
emplirical curves of the C-:30 service results for the whole fleet
1s about 1 percent for the.Weibuil distribution related paraheter
and varies fram -3 to 2h peicent for the‘log-normal distribution
related parameter. The vrange ol the cbrrésponding differences
based on comparisons of ihese calculated values with values chosen
from the'emﬁifiﬁal curves for the'several usage groups is between
n-30 anh 59 percent for the Weibull distribution parameters, and
-28 and 69 percent for the fog-nérmal distribution parameters.
'These coﬁparisons ar; sohtained i: Tabui. XXXVI :under the heading
"Test Distribution". In addition, the differences between the
scale parameter values calcuiated for the "Best Fit" distributions
for both the cases of assumed and empirical shape parameters and
the same empiriéal values as used above are shown on ilhe sawe table.
It iLs seen from the Tabi.c XXXV that values of empirical scale-
parameters have not been given for every case; fhis is because' the
curve of the empirical distribution does not extend high enough to

alliow such a value to be chosen for these cases.

Another of the expected errors is the conservatism built into the
estimate of the time to crack initiation. Table XXXIX furnishes
;n estimate of the level of this conservatism for a prediction of
the fatigue endurance of the weakesq:memker of the C~130 fleet
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vith the Weibull distribution. From this table it is seen that

this estimste varies from a high of about 33 percent to a low of
sbout 21 percent based on the meximum likelihood estimated value
of < , i,e. <« =L4.139. Using this estimate the censored
percentage differences shown on Table XXXIV can be modified
somevhat, When an approximate level of conservatism of 20% is
considered these modified censored results for the Weibull
distribution have a range which varies from -59 to -15 percent

for the weakest fleet member.

The third of the possible sources of discrepancies mentioned 1is
the differences between the proposed theoretical distributions
and the true distributions. One of &he points here involves

the adequacy of the proposed shape pérameters. Table XXOOL

shows that the values of the shape parameters, 4.0 for the
Weibull distribution and G.322 for the log—dormal distribution,
propcsed by Reference 1 , lie between the values of the empirical
shape parameters from the complete dasta for the whole fleet and
for the usage groups. The value of the log-normal shape parameter
shown is referenced to the logarithm to the base e instead of to
the base 10 as given in Reference 1. The values of the Weibull
shape parameter far the complete data f~om the whole fleet range
between 2.6 to 3.6. Those for the usage groups range between

5.7 to 16.9. The values of log-normsl shape parameters for the
complete data from the whoie fleet range between 0.42 to 0.7k.
Those for the usage groups range between 0.1l to 0.32. Therefore
the proposed shape parameters for both the Weibull and log-normal
dis .ributions represent too iittle scatter for the whole fleet
sets ané too much scatter for the usage group sete. This result
follows the trend expected of more scatter inherent in the whole

fleet data than in the usage group data.

The empirical velues of the Weibull shabe parameter are used 1o
calculate the exact expected values of time to crack initiatlon

for the weakest fieet member based on the Weibull distribution.
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Tr.s was done in order to see what the effect on the calculatéd
~esults would be. The results are given in Table YXXXXII .

*n these values are compared with the lowest observed times to
crack initiation given on Tables V through XIX it is seen that

the results are scattered and inconclusive.

The last msjor point considered concerns the relative adequacy

of the Weibull and the log-normal distributions to predict the
true distribution of times to crack initiation in a fleet., The
relative differences between the caléulated and empirical
distributions of the C-130 times to crack initiation for both the
Weibull and log-normal distributionms curvés are shown for several
percentiies in Table XXXXIV and are summarized in Tables XXXXVi
and XOOIVII . The theoretical test distributiion polnts are more
than 10 percent different from the corresponding empirical
distribution points in 6 out of 9 cases considered for both the
W-ibull and Log-ncrmal distributions for the whole f.eet data.
Simtiarily, ror the usage group data the Weibull test distribution
ig more than 10 percent different in 23 out of 40 cases and the
log-normal test distribution in 21 out of 4O cases. The same poiuts
of the whole fleet data for both the Weibull and log-normal
distributions are more than 20% different in 4 our of 9 cases and
the usage group data is more than 20% different in 1k out of uoC
cases for the Weibull distribution and 15 out of 40 cases for the
log-normal "distribution. These differenéés between the theoretical
test and the empirical distribution curves for the whole fleet sets
range betveen -22 and 40 percent for tke Weibull distributlons and
-24% and 70% for the log-normal distributions. These differences
for the usage group sets range between -33% and 8% for the Weibuli
distributions and between -19 and 18 percent for the log-ncrmal

distributions.
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The calculation of the fatigue damage values required in the
adjustment of the test endurance results to correspond to the
C-130 service group usage vﬁs based on the loads developed
from the C-130 B and E dynamic response airplane data and also
fram the C-130 Taxi-Air-Ground Loads program (TAG) data. This
program consists of instrumenting and monitoring a C-130 in-
service aircraft over avproximately s 500 hour period for the
purpose of verifying and refining the C-130 fatigue loads
spectrs. The endurances shown on Tebie III for Wing Stations

38 and 105 on the center wing upper surfaces are seen to be

unconservative when canpared with the observed empirical results.
These results follow the trend indicated by the C-130 Fatigue Life

Monitoring Program (FIMP) reports. The results calculated for
Wing Station 120.5 orn the lower surface ere incopsistent with
the results from the other stations menticnad ab'dve, vhile the

current FLM. reports show that this station should have the same

trend as tiiese other staﬁions.
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SECTION A

CONCLUGIONS AND RECOMMENDATIONS

This program has attempted to evaluate objectively the method

proposed in APML-£9-65, Reference 1, for using a probabilistic

approach with fatigue test results to prediet the structural

fatigue endurance of an aircraft within a fleet of aircraft. The

following conclusions have resulted from this program.

l.

2.

3.

This method when used with test results which adequately
reflect the service conditions of the fleet has been shown
to have conslderable promise with respect to the current
state of the art for the prediction of the time to fatigue
crack initiation in the structure of an in-service aircraft.
This method gives the analyst the capability of estimating
the time to the initiation of the first crack based on
certain provability considerations. However, further
development and evaluation of the method using data from
other aircraft programs is warranted.

The average censored values predicted for the C-130 fatigue
endurance by the method of Reference 1 are approximately

60 percent conservative for the Weibull distributive and

37 percent conservative for the log-hormal distribution as
compared with the values observid from the service experience
of the C-130 fleet,

The estimate of the time to first crack initiation made using
the method of AFML-TR-69-65 (Reference 1) is conservative by
approximately 20 to 33 percent as compared with an "exact"
estimate for the C-130 cases considered in this study.

The valuer of the shape parameters proposed by Reference 1
generally lie between the values of the empirical C-130 shape
parameters chosen by the "Best Fit" technique for the whole
fleet cases and for the usage group cases,
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5. There appears to be very littie difference betveen :tne
ability of the theoretical Weibull distritution and the
log-normal distribution to predict the true distribution
of the time to crack initiation in a structure of an air-
craft in a fleet,

It i8 reconmended that a modification of the Freudenthal-Boeing
method of Reference 1 be considered. This.modification involves
using the data fram the initial service fatigue damage oecurrences
in addition to the fatigue test results to update the fatigﬁe
endurance predictions, which according to the present method are
based on the fatigue test results alone, This proposed modifica-
tion would seem to furnish an improvement in the expected
accuracy of the predictions as a result of the following:

l. Fatigue damage resulting from fleet usage in service is
more representative of the actual fleet environment than
the fatigue damage items resulting from tests. Also, the
fatigue endurance predictions based on this data are significant
because the initial fatigue cracks should come from "Lead
the Fleet" aircraft which represent a cross-section of the
fleet's structural and environmental conditions.

2. The use of this service-related data vould increase the
number of data points on which the predictions are based.
This is true even vhen there is only one fatigue crack
occurrence from the service fleet because the maximum likel:i-
hood estimate equations which are used in the study include
the significance of the flight hours on the uncracked
aircraft.
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TAML:

-4 B MISSION UTILIZATION
BY USAGE GROUP

PERCENT FLIGHT HOUR
UTILIZATION
B?%C USAGE GROUPS Rond
MISSION I I II1I Iv TYFE
1 - - 9.0 10,0 Proficiency Training
2 14.0 8.5 8.5 37.0 Bagic Training
3 - 30.0 7.5 4.0 Shuttle
4 22.0 25.0 25.0 17.5 Short Range Logistics
5 [61.0] | 22.5 25.0 25.0 Long Range Logistics
6 3.0 14.0 9.5 6.5 Airdrop
7 - - - - Storm Recon.
8 - - 8.0 - Combat Training
9 - 7.5 Low Level
Totals 100 100% 100% 100%
I. Lons Range logistics
II. Shuttle & Short Range lLogistics
i1l Combat Training & low Level Flights
Iv. Basic & Prcficiency Training

The entries enclosed in a box represent the miasions receiving
erphasis in & given category.
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TABLE II

MUMBER OF ATIRCRAFT ASSIGNED
TO SPECIFIC USAGE GROUPS

USAGE NUMBER OF AIRCRAFT TOTAL
GROUP C-130B | C-130E C-130B/E
I 13 89 102
11 69 52 121
III 0 92 92
v 26 25 51
Totals 108 258 ‘ 366
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FAPECTED VALLLS CF CCATTER FATTCER |

Scatter Factor vs, Reliability !

For Test Sample Sizes of 1, 2, or 3 Specimens
-.For Fleet Size of 432 Airplanes

(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65

Weibull Distribution ' Log Normal Distribution
VYeakest 2nd Weakest Veakest 2nd Weakest
Fleet lLiember Fleet Member Fleet Member Fleet lember
- Test Sample - Test Sample _ Test Sample - Test Sample
Rr Size N Size R Size . R Size
K 5 1 2 1> 1 12 |3 1 12 13

.368 5.83] 5.60] 5.43
.50 .54 6.14] 5.951.

507 | 6.43) 6.18] 5.98

W
(@}
=
.
0
(@]

4,63|4.53}.500|4.40)3.76|3.52 | .50 | 3.84]35.28]5.c8

.60014.56(3.82]3.65

\
Iy
0

750 | 8.03| 7.65| 7.40}.75(5.66{5.40]5.23|.750(4.76{4.0613.81 | .75 | 4. 11]3.51
2S00 | 10.55110.06| 9.74].5C16.6716.36]6.16].200]5.12|4.4214.15 | .90 | h.B1]3.77]3.54

450 | 1235 7T 1.95]7.37]7.0316.801.950]5.52 4,71 (442 | .95 | 4.57]3.90]3.66
L0 | 15.53 11485114 .4 ' '
2230 | 18,5317, 71171 .990(6.3115.28(5.05

322 | 23010031.55]30.5
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SREROTRD YALTTRES OF

Scatter Factor ve.

SCAYEK FATT R

Reliab:iity

For Test Sample Size of 1, 2, or 3 Specimens
For Group 1 Size of 102 Airplanes

(Pef.: Tables IX, X, XIII, XIV of AFML-TR-69-65)
Weibull Distribution Log Normal Distribution
Waakeat 2nd Weankest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Test Saaple Test Sample Test Sample Test Sample
R Size R Size | Size fi Size
1 2 3 1 2 3 1 2 3 1 2 3
. 368 4.12} 3,93} 3.81 ‘ .
.500 4.52| 4.31| 4.17 .50§5.47 3.3113.20 ] .50(3.81{3.25|3.05| .50 3.27?2.79’2.62
507 | 4.55| 4.33| 4.19 o
.6013.92|3.34/3.13 é
L7590 5.63! 5.37] 5.20 | .75/3.99{3.81(3.68 | .754.16/3.55{3.33| .75 | 3.53 3.01 2.82
. 90C 7.801 7.06! 6.831 .90{4.75|4.5314.38 | .90/4.55(3.88]3.64 | .90 | 3.81:3.25 3.05
.950 8.661 3.26! 7.99 .9515.23{4.99{4.83 | .9514.92!4.20;3.94 | .55 ! 3.°5§5.371? 14
980 | 10.93]10.42[10.09 | | | o
.990 13.03112.43 12,031 .9915.634.8014.50 | ]
999 | 23.22122. 14 21,451 | | | ' o
______.lL_,,.__‘_ R I S . 1 . L, — Jz- PR i E
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TABLE IV (COKTINKUED)

EXPECTED VALUES OF SCATTER FACTOR

Scatter Factor va. Reliability

For Test Sample éize of 1, 2, or 3 Specimens
For Group 2 Size of 121 Airplanes

(Ref.:

Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution

Log Normal Distribution

Weakesl 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Test Sample Test Sample Test Sample | _  |Test Sample
% S:ize R Size R Size R Size
! 2 3 1T ]2 |3 1] 2| 3 1 12 |3
.36 4.27]| 4.07| 3.94
.500 4.68] 4.47| 4.32| .50|3.63|3.46/3.35(.50| 3.87]3.30}3.10 | .50 | 3.34|2.85{2.67
.507 4.711 4.49| 4.34
! .60 3.99{3.41)3.19
.750 5.8% 5.56l 5.38 | .75|4.17|3.98(3.85|.75] 4.21|3.59|3.37 |{ .75 | 3.60|3.07|2.88
.900 | 7.67| i.31| 7.08| .90|4.96]4.73]4.568|.90 | 4.61]|3.94[3.69 | .90 | 3.89{3.32{3.1
+950 8.u]| 6.50 8.28| .95(5.48]5.22|5.06|.95 | 4.9914.25[3.99 | .95 | 4.03}3.44|3.22
.980 | 13.32|10.801C.45
.990 13.502?2.87 12.46 .99 | 5.70/4.86(4.56
.999 | 24.us 22.94{22.2C
i
|
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TABLE IV

(CORTINUED?

EXPECTED VALUES OF SCATTER FACTOR

(

Scatter Factor vs. Reliability

For Test Sample Size of 1,
For Group 3 Size of 92 Airplanes

Ref,:

Tables IX X, XIII XIV of AIHL-TR-69-65)

2, or 3 Specimens

T

Weibull Distribution

Log Normal Distribution

Weakest
Fleet Member

2nd Weakest
Fleet . Member

Weakest
Fleet Member

i

~Fleet Member

2nd Weakest

Test Sample Test Sample Test Sample| _ Test Samoie
R Size i Size R Size R Size
1 2 3 1 12 |3 1 213 1 .2 13
.368 | 4.00] 3.82| 3.70 _
.500 | 4.39] 4.19| 4.05 | .50|3.3813.23|3.12] .50 | 3.75]3.20| 3.00 |.50 | 3.23[2.76]2.59
.507 | 4.41} 4.21] 4.07 ,
.60 | 3.86(3.29] 3.09 |
. 150 5.47] 5.21| 5.05 | .75|3.90{3.72|3.60|.75 | 4.10|3.50| 3.28 |.75] 3.49|2.98{2.79
.900 | 7.19| 6.86] 6.63 | .90|4.64|4.42|4.28|.90 | 4.50|3.84|3.60 |.90 | 3.77|3.21] 3.C1
. .950 | 8.41| 8.02| 7.76 | .95|5.10(4.87(4.71{.95 [4.854.143.88 .95 |3.91{3.33(3.13
' .980 | 10.61[10.12] 9.79 ’
~.990 | 12.65[12.07]11.68 .99 |5.58|4.76|4.46
.999 | 22.5421.50|20.81
' H 1
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TABLE IV (CONTINUED)

~ECTED VALUES OF SCATTER FACTOR

Loatter Factor vs. Reliability

For Teast 3ample Size of 1, 2, or 3 Specimens
“or sroup 4 Size of 91 Airplanes

(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)
we bull Distribut:.on Log Normal Distribution
weaxest 2nd Weakest Weakest 2nd Weakes®
»leet Mamber Fleet Member Fleet Member Flee* Memte:r
Test 3ample _ Test Sample - Test Sample . Tes; Sarl
- Size R ?Lze s R Size R - 5;z$
N 2 1.3 ] 12 1 12 13 ! 12 SR
b3 5.471 3.31) 3.20 1
g 3,301 3.63} 3.511.50{3.0412,40{2,81].50 | 3.46{2.95/2.771 .50} 3,08{2.63"'2,24
o071 3.83] 3.65] 3,53 | '
.60 | 3.6213,09|2.89 }
. 75U 4.74] 4.5 A.371.75014.5013.3413.231.75 | 3.84|3.28!3.07 | .75{ 3.33 2.84!2.:”
00 | €.23] 5.94] 5.75 | .90|4.1€|3.98{3.86{.90 | 4.29|3.66|3.43 | .90] 3.60 3.0752.89
950 | 720 £.95| 6.73 | .95(4.57(4.36/4.22|.95 | 4.55(3.88|3.64 | .95 | 3.733.15 2.98
980 | a.20) 8,771 8.49 ; | |
2990 | 1637 170.d6{ 10,12 I ' +99 |5.34.4.5614.27 i
39+ 119,58 "4 13,04 | : | |




TABLE V

EXPECTED AND OBSERVED VALUES OF PATIGUE ENDURANCE
FOR C-130 CENTER WING STATION 38 ON UPPER SURFACE

Theoretical Prediction of Safe-Life vs, Reliability
(Ref. Tables IX, X, XIII, XIV of ARML-TR-64-65)

Weibull Distribution Log Normal Distripgtion
Weakest 2nd Weakest Weakest 2nd weakest
Fleet Member Fleet Member Fleet Member Fleet i.ember
- Flight _ Flight - Flight _ Flight
R Hours R Hours R Hours R rours
.368 1,§ZO
.500 1,760 .50 2,310 «500 2,340 «50 2,6e0
.507 1,750 .600 2,260
.750 1,410 .75 2,000 750 | 2,160 .15 2,520
.900 1,070 .97 1,700 .900 1,950 »20 2,550
.950 917 .95 1,540 .950 1,860 .95 2,250
980 | 726
.990 611 «990 1,630
999 43

Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours

2,272
2,778
2,884
2,896

LS




TABLE VI

EXPECTED AND OBSERVED VALUES OF PATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 105 ON UPPER SURFACE

Theoretical Prediction of Safe-Life vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-€4-65)

Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest |
Fleet Member } Fleet Member Fleet Member Fleet liember

- Flight _ Flight - Flight _ Flight ;

R Hours R Hours R Hours R Hours j
. 368 1,440 1
.50 1,310 .50 1,720 .500 1,910 50 2,150
57 1,300 | .600 1,840
58 1,050 .75 1,450 750 | 1,760 75 2,CC
PN 800 N 1,270 .500 1,620 .90 1,00
- $5C 630 .35 1,15C .50 | 1,520 .35 1,E52
.80 540
o420 450 .990 1,330
o233 250

Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours

468
1,887
3,295
3,467
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TABLE

VIiI

EXPECTED AND OBSERVED VLI-UES OF FPATIGUE ENDURANCE
POR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE

Theoretical Prediction of Safe Life vs, Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal l?istribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
- Flight _ Flight _ Flight _ Flight
R Hours R Hours R Hours R Hours
.368 960
.500 880 «50 1,150 »500 1,280 «50 1,470
507 870 .600 | 1,240
.750 700 .75 1,000 750 | 1,180 .75 1,37C
.900 530 .90 850 .990 1;090 90 1,280
950 460 .95 760 «950 1,020 95 1,230
.80 360
-990 300 990 890
.999 170 _
A

Lowest Observed Times to Crack Initiation

(From C-130 Service Experience Data)

Flight Hours

950
1,347
1,362
1,387

b7




TABLE VIII

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPPER SURFACE
FOR GROUP 1

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal Distribution

Weakest 2nd Weakest Weakest 2nd Weakest

Fleet Member Fleet Member Fleet Member Fleet Member
Flight Flight Flight Fl.ght

R Hours R Hours R Hours R Hours
. 368 2,145
.500 2,508 .500 3,268 .50 2,703 .50 3,147
.507 2,496 .60 2,634
.750 2,0m .19 2,842 .75 2,476 .15 2,923
. 300 1,531 .90 2,388 .90 2,265 .90 2,703
.950 1,309 .95 2,165 .99 2,092 .95 2,609
.980 1,036 ,
.930 869 .99 1,832
<399 488

iowest Observed Times to Crack Imitiation

(From C~130 Service Experience Data)

flight Hours
6,230
6,595
6,688
6,700

L8




TABLE VIII (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPPER SURFACE
FOR GROUP 1

WITH TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Menber Fleet Member Fleet Membe-
Flight Flight Flight Flight
R Hours R Hours R HYours R Hours
. 368 9,580
,500 8,753 .50 11,406 .50 9,567 .50 11,137
507 8,71 .60 9,323
- 750 7,019 <75 9,918 15 8,763 75 10,348
900 5,344 .90 8,333 .90 8,016 .90 5,567
.950 4,568 .95 74557 .95 7,406 <95 9,234
.980 3,617
.930 3,034 .59 6,484
<999 1,703

Lowest Observed Times to Crack Initiation

(From C-130 Service Experience Data)

Flight Hours
6,230
6,595
6,688
6,700

L9




TABLE IX

TEZD AND CBSERVED VALUES CF FATIGUE ENDURANCE
30 B/E CENTER WING STATION 105 ON UPPER SURFACE
FOR GROUP 1

EXYPEC
FOR C-1

- —_—

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIIT, XIV of AFML-TR-69~65)

b e —— o e —_—

Weibull Distribution Log Normal Distribution
L - I —_—
weakest 2nd Weakest Weakest 2nd Weakest
Fleet Memter Fleet Member Fleet Member Fleet Member
5 Flight & Tlight & Flight i Flight
Hours Fours Hours Hours

. 368 2,049
c

500 1,868 .50 2,433 .5C 2,205 .50 2,568
507 1,660 .60 2,145

750 1,499 .15 2,113 .15 2,018 .75 2,380
.900 1,141 .50 1,777 .50 1,847 .90 2,205
.950 975 .95 1,614 .95 1,706 .95 2,126
.980 73

.990 A48 .99 1,493

.999 sod

Lowest Ouserved Times to Crack Initiation

(From C-130 Service Experience Data)

Flight Yours
6,328
£.335 .
6,518
6,817

50




TABLE IX (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 105 ON UPPER SURFACE
FOR GROUP 1

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs, Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weitull Distribution Log Normal Distribut:on
Weakest 2nd Weakest Weakest * 2nd Weakesti
Fleat Meghe: Flest Member Fleet Member Flest Memter
Flight Flight Flight Flaght
R Hours R Hours R Hours R Hours
.368 8,906
.500 8,121 50 10,574 .50 9,600 .50 11,183
«507 8,083 .60 9,341 '
.750 6,518 .75 9,186 .15 8,789 .75 10, 365
. 900 4,958 .90 7,726 .90 8,041 .90 1,600
.9%0 4,237 , .95 7,014 «95 7,429 <95 9,258
.980 | 3,359
«990 2,816 : .99 6,500
«999 1,581

woweat Observed Times to Crack Iniation

{From C-14C Service Fxperience Tata)

Flight Houra
6,326
6,335
6.518
6,817




TABLE X

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE
FOR GROUP 1 :

e e

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flight -Flight Flight Fl:ghrs
] Hours R Hours | Hours R Hours
.368 1,354
.500 1,234 .50 1,608 .50 1,465 .50 1,766
.507 1,226 .60 1,423 . .
.750 991 .75 1,398 15 1,341 .15 1,581
.900 754 .90 1,175 .90 1,226 .90 1,465
.950 644 +95 1,067 .95 1,134 .95 1.413
.980 511
.990 428 .99 991
-999 240
|

Loves® Observed Times to Crack Initiation

- {Frzz C-130 Service Experience Data)

- ——— o —

Flight Hours
6,024
6,094
6,132
6,189 : l

52



TABIE X

(CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE

FOR GROUP 1

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs. Reliability

(Ref.:

Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution

log Normal Distribution

Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flight Flight Flight Flight
R Hours R Hours R Hours R Hours
. 368 2,840
.500 2,588 .50 3,372 .50 3,071 «50 3,978
.507 2,571~ .60 2,985 |
. 750 2,078 .75 2,932 .15 2,813 <15 3,314 |
.900 1,581 .90 2,463 .90 2,571 .90 3,07
.950 1,351 .95 2,237 .95 2,378 .95 b 2,92
. 980 1,070
.990 898 -99 2,078 | |
.999 504

Lowest Observed Times to Crack Initiation

(From C-130 Service Experience Data)

Flight Hours

6,024
6,094
6,132
6,189

53




TABLE XI

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPPER SURFACE
FOR GROUP 2

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of APML-TR-69-65) |

Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakeat 2nd Weakest
Fleet Member Flee’ Member Flest Member Fleet Member

Flight Flight Flight Flight

R Hours ) Hours i Eours R Hours

.568 2,654

.500 2,421 .50 3,122 50 2,659 .50 3,088

.507 2,410 .60 2,584

.750 1,944 15 2,716 .15 2,446 .75 2,863

.900 1,477 .90 2,283 .90 2,234 .90 2,651

<950 1,263 .95 2,067 .95 2,066 .95 2,560

.980 1,001

.990 819 .99 1,808

.999 4

Lowvest Observed Times to Crack Initiation

(From C-130 Service Experience Data)

Flight Hours
2,718
2,884
3,295
3,598




TABLE XI (CONTINUED)

EXPECTED AND OBSERVED VALUES OF PATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPPER SURFACE

FOR .GROUP 2

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

i , -
Theoretical Prediction of Fatigue Endurance vs. Reliability
‘Ref.: Tabdbles IX, X, XIII, XIV of AFML-TR-69-65)
Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flight Flight Flight Flight
- Hours & Hours 8 Hours £ Hours
.368 | 5,266
.500 4,803 .50 6,194 .50 5,206 .50 6,045
.507 | 4,781 .60 5,060
<155 3,857 o715 5,390 15 4,789 o715 5,604
.900 | 2,931 .90 4,531 .90 4,374 .90 5,190
»950 2,506 +95 4,101 95 4,045 «95 5,012
.980 | 1,986 L ’
.990 1,665 *
«999 935 .99 3,539

Lowest Observed Times

to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours

2,778

¢ 2,884

3,295
34398




TABLE XII

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130, B/E CENTER WING STATION 105 ON UPPER SURFACE
FCR GROTP 2

Theorstical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

L~ Weibull Distribution Log Normal Distribution
; weakest ‘ E 2nd Weakest Weakest 2nd Weakest
o .Fleet ﬁ?mbef_,l - ?leet Member Fleet Member Fleeﬁwgﬁgper
a Flight ; _ Flight - Flight Flight
R Hours ! R ‘ Hours R Hours R Hours
63 1 1,978
| .500 1,801 .50 2,327 .50 2,1 .50 2,514
507 | 1,793 .60 2,101
I .750 1,448 15 2,023 .75 1,996 .75 2,3%
900 | 1,102 .90 1,702 .90 1,819 .90 2,158
E .950 941 .95 1,542 .95 1,686 .95 2,083
| .980 745
.590 626 .99 1,474
<999 351
S U E—— | - e
Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)
Flight Hours
3,295
5,732
! 5,818
3,888
L e e et e R
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TABLE XII (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 105 ON UPPER SURFACE
FOR GROTP 2

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance va. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal Distribition
Weakest 2nd Weakest Weakest 2nd Weakez-

Fleet Member Fleet Member Fleet Member Fieet Member
. Flight Flight Flight Flight
R Hours R Hours ) Hours R Bours

—

.368 4,666
.500 4,248 .50 5,488 .50 5,067 .50 5.8¢7
.507 4,229 .60 4,903
- 150 3,415 .15 4,771 .15 4,657 .15 5,446
900 2,598 .90 4,015 .90 4,244 .90 5,036
<950 2,218 <95 3,638 «95 3,934 .95 4,86(
.98C ; 1,758 !
990 | 1,476 | .99 3,440
«999 828

Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours
3,295
3,132
3,818
3,888

57




TABLE

XITI

PACECTED AND ORSERVED VALUES OF FATIGUE ENDURANCE
Yok C-130 B/E CENTER WING STATION 121 NN LOWER SURFACE
FOR GROUP 2

Theoretical Prediction of Fatigue Endurance vs. Reliability
iPet.r Tables IX, X, XIII, XIV of AFML-TR-69-65) <

Weibull Distribution

Log Normal Distribution

Keakest 2nd Weakest Weakest . 2nd Weakest

Fleet ember Fleet Member Fleet Memher ‘ Fleéet Member
) Flight _ -Flight _ Flight . Flight
R Hours R Hours R Hours R llours
. 368 1,307
L300 1,192 .50 1,537 .50 1,442 .50 1,671
50T 1,185 ) .60 1,39%
.Tan 95"~ .75 1,338 .75 1,325 .75 1,550
900 728 .90 1,125 .90 1,210 - 1.90 1,434
e 622 .05 1,018 .95 1,8 |.os 1,388
L9850 193
L0990 113 .99 979
L0968 232

Lowest Observed Times

to Crack Initiation

-

(From C-130 Service Exnerience Data)

Flight Hours

1,347

2,280

2,551
2,680

S8




TABLE XIII (CONTINUED)

EXPECTED AKD OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE

FOR GROUP 2

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of APML-TR-69-65)

Weibull Distribution Log Normal Distributicn
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Tleet Member
_ Flight . Flight - Flight Flight
R Hours R Hours R Hours R Hours
. 368 621
«500 566 .50 730 .50 685 »90 123
OV 563 .60 664
. T5C 455 .75 635 .75 629 as A
.90C 346 .90 534 .90 575 .90 683
»950 29¢ .95 484 <95 531 .95 £58
.980 234
.990 196 .99 465
.999 100 i
]
Lowest Qvserved Times to Crack Initiatioctl
{frcm C~130 Service Experience Data)
Flight Hours
1,347
2.289
2,551
2,680
L.

59




TABLE XIV

LADLATED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPPER SURFACE
FOR GROUP 3

Theoretical Prediction of Fatigue Endurance vs. Relxabilzty
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal Distribution
Weakest 2rd Weakest Weakest 2nd Weakest
Fleet Member ! Fleet Member Fleet Member Fleet Member
Flight Flight Flight , Flizht

B Ynurs B HRours i Hours R Hours
.368 2,826
+500 2,582 .50 3,352 +50 2,748 .50 3,183
.507 | 2,570 .60 2,668
750 2,0M .15 2,905 .75 2,513 Y ) 2,955
«900 1,577 oK 2,443 .90 2,290 .90 2,739
950 1,348 .95 2,220 .95 2,125 «95 2,634
960 1,068
.990 895 <99 1,848
<999 503

Lowest Observed Times to Crack Initiation
(}rom C-130 Service Experience Data)

Fligh* Hours
- . 4,043
4,234
4,257
4,373




TABLE XIV (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
~»2 C-1%0 B/E CENTER WING STATION 38 ON UFPER SURFACE

FOR GROUP 3

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretiocal Prediction of Fatigue Endurance vs. Reliability

(Ref.s

Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution

Log Normal Distribution

Weakest 2nd Weakest Weakest 2nd Weakest
Floet Msuber Fleet Meuber Fleet Msmber Fleet Member
Flight Flight Flight Flight
R Hours R Hours R Hours R Hours
.368 7,454
.500 6,810 .50 8,840 «50 7,170 .50 8,305
507 6,776 .60 6,961
+ 750 5,461 o715 7,661 o715 6,558 15 7,710
.900 4,160 .90 6,444 «90 5,975 .90 7,146 .
950 31554 95 5,856 <95 5,544 .95 ¢,872
.980 | 2,817 "
.990 2,361 .99 4,823
.999 1,325

Lowest Observed Times
(From C-130 Service

to Crack Initiation

Experience Data)

Flight Hours

4,043
4,234
4,237
4,373

61




f

TABLE XY

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WIRG 3TATION 105 ON UPPER SURFACE

FOR GROUP 3

Theoretiocal Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution

Log Normal Distribution

Weakest 2nd Waskest Weakest 2nd Waakes”
sFleei Member Fleet Member Fleet Member Fleest¢ Meuter
Fligat Flight - Flight . Flignt
R Hours R Hoursa R Hours R Ho:rs
.368 2,108
.500 1,922 .50 2,493 .50 2,239 «50 2,596
.507 1,913 .60 2,118
. 750 1,545 .15 2,165 .75 2,047 + 15 2,404
.900 1,174 .90 1,822 .90 1,866 .90 2,232
-950 1,004 .95 1,653 .95 1,731 .95 2,152
.980 796
.990 667 .99 1,505
-999 375

wowest Observed Times to Crack Inmitiation

(From C-130 Service Experience Data)

Flight Hours

3,617
3,793
3,831
3,843

62




TABLE XV (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 105 ON UPPER SURFACE
FOR GROUP 3

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs. Reliability
(hef.: Tables IX, X, XIII, XIV of APML-TR-69-65)

Weibull Dietribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Meaber Fleet Member Fleet Member
Flight Flight Flight Flight

R Hours R Hours R | Hours R Hours
.368 6,649
. 500 6.062 .50 7.864 .50 7,097 .50 8,228
.507 6,033 .60 6,903
<750 4,875 <15 6,828 .75 6,489 .75 7,621
900 3,703 .90 5,741 .90 5,914 .90 7,075
.950 3,167 .95 5,216 .95 5,486 .95 6,820
.980 2,510
.990 2,104 .99 4,71
-999 1,181

lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours
3,617
3,793
3,851
3,843

63




TABLE XVl

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE
FOR GROUP 3

Theorstical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of APML-TR-69-65)

Weibull Distribution log Normal Distribution
l -
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flight Flight Flight . F.ight
R Hours R Hours )4 Hours 13 Hours
.368 1,395
. 500 1,27 <50 1,651 « 50 1,488 .50 1,728
.507 1,265 .60 1,446 ‘
. 750 1,020 .75 1,431 »T5 1,361 .15 1,599
.900 776 .90 1,203 .90 1,240 .90 1,480
.950 663 .95 1,094 <95 1,151 «95 1,427
.980 526
.990 441 .99 1,000
.999 248
|

Lowest Observed Times to Crack Initiaticn
(From C=130 Service Experience Data)

Flight Hours
2,327
2,451
2,574
2,690




FOR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE

TABLE XVI

FOR GROUP 3

(CONTINUED)
EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURAKCE

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref,: Tables IX, X, XIII, XIV of APML-TR-69-65)

Weibull Distribution Log Normal Distribution
Weakesat 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Flest Member Fleet Member
Flight Flight Flight Flight

R Hours ; Hours R Hours | Hours
.368 1,180
.500 1,070 .50 1,390 .50 1,250 «50 1,460
.507 1,070 .60 1,220
.750 860 J5 1,210 .15 1,150 .75 1,350
.900 650 ' .90 1,010 .90 1,040 .90 1,250
.950 560 .95 920 .95 970 .95 1,200
.980 440
»990 370 .99 849
+999 210

Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours

2,327
2,451
2,574
2,690
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TABLE XVII

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPFER SURFACE
FOR GROUP 4

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of APML-TR-69-65)

Weibull Distribution Log Normal Ditribution
[ Jr;iwbakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flignht Flight Flight Flight
R Hours R Hours ;| Hours R Hours
. 268 3,268
500 2,979 .50 3,722 +50 2,976 .50 3,351
507 2,963% .60 2,853
<150 2,393 15 3,238 15 2,685 <15 3,088
.900 1,819 .90 2,709 .90 2,403 .90 2,863%
<950 1.554 «95 2,478 .95 2,265 :95- 2,766
.980 1,232
.990 1,033 .99 1,93
.9 580

Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours
3,860
3,909
4,047
4,196




TABLE XVII (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 38 ON UPPER SURFACE
FOR GROUP 4

TEST RESULTS ADJUSTED POR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of APML-TR-69-65)
Weibull Distribution Log Rorwal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flight Flight - Flight Flight

R Hours ;| Hours R Hours R Rours
|
1

. 368 8,384

.500 7,644 .50 9,548 .50 7,682 .50 8,650. ‘
.507 7,601 .60 7,363 ’

. 7150 6,140 .75 8,307 .15 6,932 .15 7,970
. 900 4,666 .90 6,951 .90 6,204 .90 7,389 :
.950 3,987 .95 6,358 .95 5,846 95 1 T.r
.980 3,160 !
.990 2,651 .99 4,984 i
.999 1,487 ]
Lowest Ohserved Times to Crack Initiation i
(From C-130 Service sxperience Data) |

Flight Hours !
3,860
3,909
4,047
4,196
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TABLE XVIIX

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CERTER WING STATION 105 OF UPPER SURFACE
FOR GROUP 4

Theoretical Prediction nf Fatigue Endurance va. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Waakesot
Fleat Member Fleet Meuber Fleet Mezber Fleet Memher
Flight Flight | _ Flight Flight
f Hours f Hours R Hours R Hours

368 2,433

500 | 2,218 .50 2,717 .50 2,429 50 2,724
507 | 2,206 .60 2,319

J5 | 1,781 o715 2,411 .15 2,184 .75 2,523
900 1,356 .90 2,043 .90 1,958 <5t 2,334
950 1,159 95 1,847 .95 1,847 .95 2,253
.980 918

<990 7170 | .99 1,5

<999 432

Loweat Observed Times to Crack Initiation

(From C-120 Service Experience Data)

Flight Hours
4,100
4,241
4,246
4,309
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TABLE XVIII (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 105 ON UPPER SURFACE

POR GROUP 4

TEST RESULTS ADJUSTED FOR GROUP'S USAGE

Theoretical Prediction of Fatigue Endurance ves. Reliability
(Ref.: Tables IX, X, XIII, XIV of APML-TR-69-65)

Weibull Distribution

Log Normal Diatribution

Weakest
Fleet Member

2nd Weakest
Fleet Member

Weakest
Fleet Member

2nd Weakest
Fleet Member

Flight Plight Flight Flight
R Hours ;| Hours 1 Hours R Hours
.368 7,674
. 500 6,998 .50 8,759 .50 7,695 .50 8,631
507 6,959 .60 7,346
. 750 5,619 .15 7,605 .15 6,921 .75 7,993
. 900 4,276 .90 6,382 .90 6,202 .90 7,394
.950 3,655 .95 5,826 .95 5,851 .95 7, 38
.980 2,896
.990 2,428 .99 4,978
.999 1,363

Lowest Observed Times to Crack Initiation
(From C-130 Service Experience Data)

Flight Hours

4,100
4,241
4,246
4,309
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TABLE XIX

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATION 121 ON LOWER SURFACE
FOR GROUP 4

Theoretical Prediction of Fatigue Endurance vs. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)

Weibull Distribution

Log Normal Distribution

Weakest
Fleet Member

2nd Weakest
Fleet Member

Weakest
Fleet Member

2na Weakest
Fleet Mpuber

. 368
i +500
.507
.7150
. 900
.950
.980
990
9399

Flight
Hours

) Flight Flight Flight
R Hours R Hours R Hours

50 1,836 .50 1,613 .50 1,8%¢
.60 1,541

. I5 1,594 .15 1,457 .79 5,676

.90 1,335 .90 1,301 .90 1,550

.95 1,221 .95 1,226 .95 f,AQ6
.99 1,045

Lowest Observed Times

to Crack Initiation

(From C-130 Service Experience Data)

Fiight Hours

3,551
3,663
3,682
3,745




TABIE XIX (CONTINUED)

EXPECTED AND OBSERVED VALUES OF FATIGUE ENDURANCE
FOR C-130 B/E CENTER WING STATIOK 121 OF LOWER SURFACE

4,745

FOR GROUP 4
TEST RESULTS ADJUSTED FOR GROUP'S USAGE
Theoretical Prediction of Fatigue Endurance ve. Reliability
(Ref.: Tables IX, X, XIII, XIV of AFML-TR-69-65)
Weibull Distribution Log Normal Distribution
Weakest 2nd Weakest Weakest 2nd Weakest
Fleet Member Fleet Member Fleet Member Fleet Member
Flight ) Plight . Flight Flight
;| Hours R Hours R Hours R Hours
.368 2,363
. 500 2,158 .50 2,697 .50 2,370 .50 2,662
| .507 2,141 .60 2,265
.750 1,730 .75 2,343 75 2,135 .75 2,462
.900 1,316 .90 1,962 .90 1,911 .90 2,278
.950 1,125 <95 1,79 <95 1,802 <95 2,198
.980 891
.990 147 .99 1,536
.999 420
; Lowest Observed Times to Crack Initiation
| (From C-130 Service Experience Data)
[ Flight Hours
;t 3,551
| 3,663
f 3,682
|
|

11
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TABLE XXI
PERCENT ERRORS INM FATIGUE ENDURANCE
PREDICTION FOR C-130 WHOLE FLEET

c-130 Weakest Fleet 2od Weakest
o -13 Member Fleet Member
enter
Sﬂing Predicted |Observed Predicted Observed
tation Hours £- fi- Hours
B=.5 |R=.95 5 +95
Weibull Distribution:
38 -23 -60 2272 -17 =5 2778
105 180 45 468 9 39 1887
121 -11 | -5b 990 -15 | -hb 1347
Log Normal Distribution:
38 3 -18 222 -4 -19 2778
105 308 225 - he8 16 -02 1887
121 29 3 990 9 -9 1347
74




TABLE XXII

PERCENT ERRORS IN FATIGUE ERDURANCE
PREDICTION FOR C~130 WHOLE FLEET

EXCEPT "SKY BOOK" AIRCRAFT

Weakest Fleet Meamber

2nd Weakest Fleet

cﬁiiif- Member
s:::?on Predicted Olt;gi::ed Predicted o;zf;:ed
R=,5 [R=.95 R=.5 [R=.95
Weibull Distribution
38 =37 | -67 2778 -20 | -b7 2884
105 -60 =19 3295 =52 -68 3617
121 -35 | -66 1347 -50 | -67 2289
Log Normal Distribution
38 -16 | -33 27718 -7 | -22 2884
105 -h2 | -5k 3295 -bo -bg 3617
121 -5 | -2k 1347 -36 | -k6 2289
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TABLE XXIII
PERCENT ERRORS IN FATIGUE ENDURANCE
PREDICTION FOR C-130 USAGE GROUP ORE

C-130 Weakegt Fleet 2nd Weakest Fleet
Member Member
Center
s:i:f Predicted Observed Predicted Observed
avion = Hours - - Hours
R=.5 |R=.95 R=.5 |R=.95

Weibull Distribution:

38 -60 =79 6230 -50 | =67 6595
105 -71 -85 6328 -62 =75 6335
121 -79 -89 6024 -Th -82 6094

Log Normal Distribution:

38 =57 | =61 6230 -52 | =61 6595
105 -65 | -T3 6328. | -59 | -66 6335
121 -6 | -81 602k =12 | -T7 609k

76




TARLE XXIV

PRRCENT ERRORS IN FATIGUE ENDURANCE
PREDICTION FOR C-130 USAGE GROUP TWO

Weakest Fleet 2nd Weskest
cg;izg Menber Fleet Member
3:::fon Fredicted Oln)::;:ed Predicted OEzz:ed

&_'_s__rgz,gs R=.5 [R=.95
Weibull Distribution
38 -13 -55 2718 8 -28 2884
105 k5 -T1 3295 -38 -59 3732
121 -11 | -5k 1347 -33 | -56 2289
Log Normal Distributionm:
38 -4 | -2 2778 7 | -11 288k
105 -34 -h9 3295 =33 -k 3732
121 T | -17 1347 -27 | -ko 2289
7
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TABLE XXV

PERCENT ERRORS IN FATIGUE ENDURANCE
PREDICTLON FOR C-130 USAGE GROUP THREE

£-130 Weakest Fleet 2nd Weakest
Center Member Fleet Member
s‘”:ﬁ Predicted Ubserved Predicted Observed
tation
ﬁ:.s R: .95 Hous ﬁ: .5 §= 095 Ho‘ms
Weibull Distribution:
38 -36 | -67 Lok3 =21 | -b7 4234
105 =47 -72 3617 -3k -56 3793
121 =l5 -72 2327 -33 =55 2451
Log Normal Distribut.on:
38 -32 -7 hol3 -25 -38 4234
105 -38 -52 3617 -3< -43 3173
121 -36 ~50 2327 -30 -42 2451
L_ 12
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TABLE XXVI

PERCENT ERRORS IN FATIGUE EXDURANCE
PREDICTION FOR C-130 USAGE GROUP FOUR

c-130 Weakest Fleet ond Weakest
- 3 Membe: Pleet Member
enter
S:ilgcu Predicted Observed Predicted Observed
a
fi-5 |fe.95 | H° | fo5 |f=.95 | Hows
Weibull Distribution;
38 -23 | =60 3860 -5 |-37 3909
105 =46 -T2 4100 -35 -57 4241
121 -59 -79 3551 -50 -67 3663
Log Normal Distribution:
38 -23 ~h1 3860 -1k -29 3909
105 <41 ~55 4100 =36 =47 L2kl
121 -55 | -66 3551 -50 | -59 3663
|

19




TABLE XXVII

PERCERT ERRORS IN ADJUSTED FATIGUE ENDURANCE

PREDICTION FOR C~130 USAGE GROUP ONE

Wenkest Fleet 2nd Weakest
cs;tzg Menber Fleet Member
s:iifon Predicted o;::;:ed Predicted °§§§§Z°d

R=.5 |R=.95 R=.5 [R=.95
Weibull Distribution:
38 b1 | =27 6230 73 15 6595
105 28 -33 6328 67 11 6335
121 -57 | -18 602k -45 ~63 6094
Log Normal Distributiom:
38 ch 19 6230 69 40 6595
105 52 17 6328 7 46 6335
121 -49 | -61 602l -41 | =51 609k
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MBLE XXVIII ‘
PERCENT ERRORS IN ADJUSTED FATIGUE ENDURANCE
FREDICTION YOR C-130 USAGE GROUP TWO

€-130 Weakest Fleet - 2nd Weakest
Member Fleet Mamber
Center
s‘t’::gon Predicted | Observed | Preiicted | Observed
R=-5 ﬁ: .95 Hours §=-5 m= .95 Hours

Weibull Distribution?

38 173 | -10 2178 | 115 L2 2884
105 29 | -33 | 3205 | w1 |-3 | 3132
121 -58 -78 1347 -68 =79 2289

Log Normal Listribution:

38 87 46 2778 110 73 2884
105 5k 19 3295 57 30 3732
121 -9 -61 1347 -65 =71 2289
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TABLE XXIX
PERCENT ERRQRS IN ADJUSTED PATIGUE ENDURANCE
PREDICTION FOR C-130 USAGE GROUP THREE

e

€-130 Weakest Fleet 2nd Weakest
Center Mambe? Fleet Member
sﬁizs Predicted Observed | Predicted Observed
tati o ‘ =
ation R=.5 | Reu95| HOWS [g_ 5 |R-.g5| Howrs
Weibull Distribution:
38 68 ~12 Lou3 109 39 4234
105 68 =12 3617 108 37 3793
121 -5k -76 2327 -43 -62 2451
Log Normal Distribution:
38 78 37 Lok43 96 63 Lo3h
105 96 51 3617 117 80 3793
121 ~k6 -58 2327 ~4o -51 2hks1
|

82




TARLE XXX
PERCENT ERRORS IN ADJUSTED FATIGUE ENDURANCE
PREDICTION FOR C-130 USAGE GROUP FOUR

¢-130 Weakest Fleet 2nd Weakest
Center Mamber Fleet Member
S::lgon Predicted Observed Predicted Observed
R=.5 §= .95 Hours §=.5 ﬁ=.95 Hours
Weibull Distribution |
38 98 3 3860 1hk 63 3909
105 T0 -11 4100 107 38 holl
121 -39 -68 3551 -26 -51 3663
Log Normal Distribution
38 99 51 3860 122 82 3909
105 88 43 k100 104 68 4ok
121 =33 | 49 3551 | -21 | -bo 3663
. _ L
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TABLE XXXI

SUMMARY OF RANGE OF PERCENT ERRORS
IN C-130 FATIGUE ENDURANCE PREDICTIONS

Percent Error Range
Type of Prediction — —
. R =.5 R = .95
Weibull - Weakest Member
C-130 Whole Fleet -23 to 180 -60 to 45
C-130 Usage Group Unadjusted -79 to -11 -89 to -54-
C-150 Usage Group Adjusted -58 to 98 -78 to0 3
log Normal - Weakest Member
C-130 Whole Fleet 3 to 308 =18 to 225
C-130 Usage Group Unadjusted -76 to 7 -81 to -17
C-130 Usage Group Adjusted -49 to 99 -61 to 51
Weibull 2nd - Weakest Member
C-130 Whole Fleet -17 to 9 =45 to 39
C-130 Usage Group Unadjusted -74 to 8 -82 to -28
C-130 Usage Group Adjusted -68 to 144 -79 ta 63
Log Normal - 2nd Weakest Member
C-130 Whole Fleet -4 to 16 -19 to -02
C-130 Usage Group Unadjusted -72 to 7 -77 to -11
C-130 Usage Group Adjusted -65 to 122 -71 to 82
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TABLE XXXII

PROBABILITY OF LARGER MINIMUM C-130 TEST VALUE

ON THE BASIS OF EMPIRICAL DISTRIBUTION.

C-130 P(t> TTmin )
Center
Wing
Station Unadjusted Group Adjusted Group
Whole
Fleet 1 2 3 4 1 2 3 4
38 .48 1,00} .10 {.003} .38| .00 | .00 .00 | .00
105 .67 1.001! .38 20| .66] .00 .00 .00 .00
121 .36 .98 1 .01 .0 191 .00 ] .97 05 1.00
Note: In cases where the empirical distribution is not known

completely enough, the best fit double parameter Weibull

is used.
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TABLE XAXIII

PROBABILITY OF SMALLER MAXIMUM C-130 TEST VALUE

ON THE BASIS OF EMPIRICAL DISTRIBUTION

P(t <™

C-130 Toax)
Cen